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SUMMARY - 
The NASA Lewis Research Center  i s  c u r r e n t l y  d e v e l o p i n g  n i c k e l  e l e c t r o d e s  0 h e 
I f o r  n i c k e l - h y d r o g e n  b a t t e r i e s .  These e l e c t r o d e s  a r e  l i g h t e r  i n  w e i g h t  and 
have h i g h e r  energy  d e n s i t i e s  t h a n  t h e  h 
e l e c t r o d e s .  
w 
L i g h t w e i g h t  f i b r o u s  m a t e r i a l s  or p 
for t h e  n i c k e l  h y d r o x i d e  a c t i v e  m a t e r i a  
p r o d u c t s  t h a t  a r e  f a b r i c a t e d  i n t o  n i c k e  
i m p r e g n a t i n g  them w i t h  a c t i v e  m a t e r i a l .  
s t r u c t u r e d  i n  t h e  b i p o l a r  c o n f i g u r a t i o n .  
c a p a c i t y  measurements a t  f i v e  d i s c h a r g e  
a v i e r  s t a t e - o f - t h e - a r t  s i n t e r e d  n i c k e l  
aques a r e  used as c o n d u c t i v e  s u p p o r t s  
. These m a t e r i a l s  a r e  commercial  
e l e c t r o d e s  by  e l e c t r o c h e m i c a l l y  
E v a l u a t i o n  i s  per fo rmed i n  h a l f  c e l l s  
I n i t i a l  per formance t e s t s  i n c l u d e  
l e v e l s ,  C/2,  l . O C ,  1.37C, 2.0C, and 
2.74C. 
l o w  E a r t h  o r b i t  reg ime a t  80 p e r c e n t  depth  of d i s c h a r g e .  
The e l e c t r o d e s  t h a t  pass t h e  i n i t i a l  t e s t s  a r e  l i f e  c y c l e - t e s t e d  i n  a 
INTRODUCTION 
The NASA Lewis Research Center  i s  c u r r e n t l y  i n v o l v e d  i n  t h e  development 
arid d e s i g n  o f  n i c k e l  hydrogen (Ni-H2> c e l l s  and b a t t e r i e s  p r i m a r i l y  f o r  low- 
E a . r t h - o r b i t  (LEO) a p p l i c a t i o n s .  These des igns  have been i n c o r p o r a t e d  i n t o  b o t h  
t h e  i n d i v i d u a l  p r e s s u r e  v e s s e l  ( I P V )  c e l l s  as w e l l  as b i p o l a r  b a t t e r i e s  u s i n g  
a c : t i v e  c o o l i n g .  The o b j e c t i v e  o f  t h i s  program i s  t o  improve t h e  l i f e ,  perform- 
ance, and energy  d e n s i t y  o f  N i - H z  d e v i c e s  when c y c l e d  under a LEO reg ime a t  
deep d e p t h s  o f  d i s c h a r g e .  
One i m p o r t a n t  a s p e c t  f o r  t h i s  improvement i s  t o  deve lop  a b e t t e r  and 
l i g h t e r  w e i g h t  n i c k e l  e l e c t r o d e  which,  i n  a d d i t i o n  t o  b e i n g  i d e n t i f i e d  as t h e  
c r i t i c a l  component, has a l s o  been i d e n t i f i e d  as t h e  h e a v i e s t  component of t h e  
N i - H z  b a t t e r y  system. The SOA n i c k e l  p laque i s  made by  s i n t e r i n g  f i n e  n i c k e l  
powder o n t o  a w i r e  sc reen a t  e l e v a t e d  t e m p e r a t u r e  (1000 " C )  i n  a r e d u c i n g  
atmosphere.  T h i s  p l a q u e  has t h e  advantage o f  p r o v i d i n g  a h i g h l y  c o n d u c t i v e  
and porous  s u b s t r a t e  f o r  t h e  a c t i v e  m a t e r i a l  b u t  has t h e  d i s a d v a n t a g e  of b e i n g  
heavy i n  w e i g h t .  The n i c k e l  h y d r o x i d e  a c t i v e  m a t e r i a l  i s  d e p o s i t e d  i n t o  t h e  
pores  of t h e  p l a q u e  e i t h e r  by  chemical  or e l e c t r o c h e m i c a l  methods. 
EXP E R I MENTAL 
N i c k e l  P laque 
The use o f  a l i g h t w e i g h t  n i c k e l  p l a g u e  i n  p l a c e  o f  t h e  heavy s i n t e r e d  
n i c k e l  p l a q u e  i s  expec ted  t o  l e a d  t o  improvements i n  energy  d e n s i t y ,  w e i g h t ,  
c o s t ,  and per fo rmance o f  t h e  n i c k e l  e l e c t r o d e .  A f t e r  some p r e l i m i n a r y  e x p e r i -  
ments,  n i c k e l  f i b e r  p laques  were s e l e c t e d  as a p r o m i s i n g  s u p p o r t  c a n d i d a t e  for 
t h e  Ni(OH)2 a c t i v e  m a t e r i a l .  
mat f r o m  N a t i o n a l  S tandard ,  t h e  Metapore n i c k e l  f e l t  from Sorapec, and a 
machined s i n t e r e d  n i c k e l  f i b e r  mat from Nippon Se isen (Japan) .  The r e l a t i v e  
w e i g h t s  o f  t h e  f i b r o u s  e l e c t r o d e s  compared w i t h  t h e  SOA s i n t e r e d  e l e c t r o d e  i s  
shown i n  f i g u r e  1 .  A r e d u c t i o n  o f  about  40 p e r c e n t  i n  n i c k e l  e l e c t r o d e  w e i g h t  
i s  p o s s i b l e  by  r e p l a c i n g  t h e  heavy s i n t e r e d  p l a q u e  w i t h  t h e  l i g h t w e i g h t  
p laques .  
The f i b e r  m a t e r i a l s  t e s t e d  w e r e  t h e  F i b r e x  f i b e r  
The l i g h t w e i g h t  n i c k e l  e l e c t r o d e  c y c l e  l i f e  t e s t  was i n i t i a t e d  u s i n g  t h e  
F i b r e x  n i c k e l  f i b e r s  from N a t i o n a l  S tandard  Co. These m a t e r i a l s  a r e  formed by  
r e d u c i n g  and s i n t e r i n g  f i b e r s  e x t r u d e d  from a m i x t u r e  o f  n i c k e l  o x i d e  and b i n d -  
i n g  agents ( r e f .  1 ) .  A s p e c i a l  t y p e  of F i b r e x  mat t h a t  i s  l a y e r e d  w i t h  carbo-  
ny l  n i c k e l  powder i s  c u r r e n t l y  b e i n g  t e s t e d .  T h i s  s p e c i a l  t y p e  o f  m a t e r i a l  
c o n t a i n s  a 50:50 r a t i o  o f  n i c k e l  f i b e r  t o  n i c k e l  powder w i t h  86 p e r c e n t  poros-  
i t y ,  30 m i l  t h i c k n e s s ,  and a d e n s i t y  of 95 mg/cm2. 
E l e c t r o d e s  made from porous l i g h t w e i g h t  mats have a common f e a t u r e  o f  
e x h i b i t i n g  a low i n i t i a l  u t i l i z a t i o n  which g r a d u a l l y  i n c r e a s e s  w i t h  c y c l i n g .  
T h i s  was observed i n  e a r l i e r  work on t h e  n i c k e l  p l a t e d  p l a s t i c  a t  NASA Lewis 
( r e f .  2 )  and t h e  n i c k e l  compos i te  e l e c t r o d e  a t  Naval  S u r f a c e  Weapons C e n t e r  
( r e f .  3 ) .  W .  Lee ( r e f .  4 )  r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  c o b a l t  h y d r o x i d e  
[Co(OH)21 t o  t h e '  impregnated  e l e c t r o d e  w i l l  h e l p  t o  a c h i e v e  f u l l  u t i l i z a t i o n  o f  
t h e  Ni(OH)2 a c t i v e  m a t e r i a l  e a r l i e r  d u r i n g  c y c l i n g  t h a n  i n  t h e  u n t r e a t e d  e l e c -  
t r o d e .  I n  an a t t e m p t  t o  e l i m i n a t e  t h i s  added s t e p ,  a s p e c i a l  F i b r e x  m a t e r i a l  
c o n t a i n i n g  50 p e r c e n t  n i c k e l  f i b e r ,  35 p e r c e n t  n i c k e l  and 15 p e r c e n t  c o b a l t  
powder was p r e p a r e d  by  N a t i o n a l  S tandard .  T h i s  s p e c i a l  m a t e r i a l  has s i m i l a r  
p o r o s i t y ,  t h i c k n e s s ,  and d e n s i t y  as t h e  o r i g i n a l  Co powder - f ree  s u b s t r a t e .  
E l e c t r o c h e m i c a l  I m p r e g n a t i o n  
The s u b s t r a t e s  a r e  e l e c t r o c h e m i c a l l y  impregnated  i n  an aqueous b a t h  con- 
t a i n i n g  1.5M Ni (N03)2 ,  0.175M Co(NO3)2, and 0.075M NaN02 made a c i d i c  by  t h e  
a d d i t i o n  of 50 p e r c e n t  n i t r i c  a c i d  ( r e f .  5 ) .  The b a t h  i s  m a i n t a i n e d  a t  a con- 
s t a n t  t e m p e r a t u r e  of 95 t o  100 " C  and a pH o f  3 t o  4 .  
The p l a q u e s  a r e  impregnated  f o r  v a r i o u s  p e r i o d s  o f  t i m e  ( 2  t o  5 h r )  and 
c u r r e n t  d e n s i t i e s  ( 5 0  t o  93 m A / c m 2 )  t o  d e t e r m i n e  t h e  c o n d i t i o n s  needed t o  
o b t a i n  t h e  opt imum l o a d i n g  l e v e l .  The p laques  a r e  impregnated  i n  a r e a c t i o n  
v e s s e l  which c o n s i s t s  o f  a 600 m l  beaker  c o n t a i n i n g  300 m l  o f  t h e  aqueous 
n i c k e l  n i t r a t e  i m p r e g n a t i o n  s o l u t i o n .  The p laques  a r e  p l a c e d  between two 
s t a n d a r d  n i c k e l  c o u n t e r e l e c t r o d e s  i n  a T e f l o n  h o l d e r .  
A f t e r  washing t h e  impregnated  p l a q u e s ,  t h e  e l e c t r o d e s  a r e  formed u s i n g  t h e  
Eag le-P icher  p rocedure  ( r e f .  6 )  which  c o n s i s t s  o f  e i g h t  c y c l e s  of 20 m i n  charge 
and 20 min d i s c h a r g e  a t  a p p r o x i m a t e l y  3C r a t e .  A f t e r  f o r m a t i o n ,  t h e  e l e c t r o d e s  
a r e  t h o r o u g h l y  r i n s e d  i n  d e i o n i z e d  w a t e r ,  d r i e d  a t  a tempera ture  o f  60 " C  for  
4 h r  and weighed. The t h e o r e t i c a l  c a p a c i t y  i s  d e t e r m i n e d  from t h e  w e i g h t  of 
t h e  a c t i v e  m a t e r i a l  i n  t h e  e l e c t r o d e  u s i n g  t h e  e l e c t r o c h e m i c a l  e q u i v a l e n t  of 
0 .289 A-hr /g  of Ni(OH)2. 
2 
C y c l e  L i f e  
The c y c l i n g  t e s t s  a r e  c o n t i n u o u s  c y c l i n g  i n  a LEO reg ime (55 min  charge,  
35 m i n  d i s c h a r g e )  a t  80 p e r c e n t  d e p t h - o f - d i s c h a r g e .  The v o l t a g e  as a f u n c t i o n  
o f  t ime i s  p l o t t e d  c o n t i n u o u s l y .  A p p r o x i m a t e l y  e v e r y  1000 c y c l e s ,  c a p a c i t y  
measurements a r e  made by  d i s c h a r g i n g  t o  -0.2 V ( v e r s u s  a Hg/HgO r e f e r e n c e  e l e c -  
t r o d e )  a t  a 1.37C r a t e  a f t e r  c h a r g i n g  f o r  80 min  a t  a C r a t e .  The p e r c e n t  u t i -  
l i z 3 t i o n  o f  t h e  e l e c t r o d e  i s  c a l c u l a t e d  by  u s i n g  t h e  r a t i o  of t h e  measured 
c a p a c i t y  to  t h e  t h e o r e t i c a l  c a l c u l a t e d  c a p a c i t y  based on  t h e  w e i g h t  o f  t h e  
a c t i v e  m a t e r i a l  d e p o s i t e d .  End o f  l i f e  or f a i l u r e  i s  d e f i n e d  as t h e  p o i n t  
where t h e  d i s c h a r g e  v o l t a g e  degrades t o  -0.2 V versus  a Hg/HgO e l e c t r o d e .  
E l e c t r o d e  Per formance 
The e l e c t r o d e  per formance a t  d i f f e r e n t  c y c l e s  i s  measured a t  f i v e  d i s -  
charge l e v e l s ,  C/2,  l . O C ,  1.37C, 2.0C, and 2.74C r a t e s .  The v o l t a g e  as a func- 
t i o n  o f  t i m e  and t h e  c a p a c i t i e s  a t  each r a t e  a r e  r e c o r d e d  and compared w i t h  
s i n t e r e d  n i c k e l  e l e c t r o d e  and o t h e r  e x p e r i m e n t a l  e l e c t r o d e s .  
Pore S i z e  D i s t r i b u t i o n  
Pore d i s t r i b u t i o n  and p o r o s i t y  of n i c k e l  f i b e r  p l a q u e s ,  new and c y c l e d  
n i c k e l  e l e c t r o d e s  a r e  measured u s i n g  mercury  i n t r u s i o n  p o r o s i m e t e r  method. 
RESULTS AND DISCUSSION 
E l e c t r o c h e m i c a l  I m p r e g n a t i o n  
For t h e  F i b r e x  f i b e r  mat,  a c o n s t a n t  c u r r e n t  d e n s i t  o f  77.5 mA/cm2 for 
4 hr gave a l o a d i n g  l e v e l  o f  a c t i v e  m a t e r i a l  o f  1 . 6  g /c&  v o i d .  The 1 . 6  g/cm3 
vo'id was s e l e c t e d  as t h e  opt imum l o a d i n g  l e v e l  because t h e  c y c l e  l i f e  has been 
f o u n d  t o  maximize a t  t h i s  v a l u e  when SOA s i n t e r e d  p l a q u e s  a r e  used ( r e f .  7 ) .  
Th'is v a l u e  w i l l  v a r y  when l i g h t w e i g h t  p laques  a r e  used b u t  f o r  now, t h e  
1 . 6  g/cm3 v a l u e  w i  1 1  be used i n  o r d e r  t o  compare t h e  r e s u l t s  w i t h  t h e  e x i s t i n g  
d a t a  on  t h e  SOA s i n t e r e d  n i c k e l  e l e c t r o d e s  w i t h  s i m i l a r  l o a d i n g  l e v e l s .  A 
13 p e r c e n t  i n c r e a s e  i n  t h i c k n e s s  was measured when l o a d i n g  t h e  F i b r e x  mats a t  
t h . i s  l e v e l .  For compar ison,  an i n c r e a s e  o f  l e s s  t h a n  5 p e r c e n t  was observed 
when l o a d i n g  t h e  SOA s i n t e r e d  p l a q u e  a t  t h e  same l e v e l .  The a c t i v e  m a t e r i a l  
l o a d i n g  l e v e l  of t h e  F i b r e x  e l e c t r o d e  was c a l c u l a t e d  u s i n g  t h e  expanded e l e c -  
t r o d e  t h i c k n e s s .  The l o g - l o g  p l o t  o f  l o a d i n g  l e v e l  v e r s u s  p e r c e n t  t h i c k n e s s  
expans ion  i s  shown i n  f i g u r e  2.  The e l e c t r o d e  t h i c k n e s s  i n c r e a s e s  as t h e  l o a d -  
i n g  l e v e l  i n c r e a s e s .  T h i s  s t r a i g h t  l i n e  p l o t  has a l e a s t  square i n t e r c e p t  o f  
0 . 9 4  and a s l o p e  o f  1 . 1 .  T h i s  t h i c k n e s s  expans ion  i s  q u a n t i t a t i v e l y  r e l a t e d  t o  
t h e  l o a d i n g  l e v e l  b y  t h e  f o l l o w l n g  e q u a t i o n :  
l og  ( p e r c e n t  t h i c k n e s s  expans ion)  = 1 . 1  l o g  ( l o a d i n g  l e v e l )  + 0 . 9 4  ( 1 )  
3 
C y c l e  L i f e  
The c y c l e  l i f e  d a t a  o f  t h e  F i b r e x  n i c k e l  e l e c t r o d e  i s  shown i n  f i g u r e  3.  
The maximum u t i l i z a t i o n  o f  t h e  n i c k e l  e l e c t r o d e  can exceed 100 p e r c e n t  s i n c e  
t h e  va lence change of  t h e  n i c k e l  i o n s  d u r i n g  charge and d i s c h a r g e  can be 
g r e a t e r  t han  1 and t h e  p e r c e n t  u t i l i z a t i o n  va lues  i n  t h i s  r e p o r t  a r e  c a l c u l a t e d  
based on a n i c k e l  i o n  v a l e n c e  change o f  1 .  The u t i l i z a t i o n  o f  t h e  F i b r e x  e l e c -  
t r o d e  shows a r e g i o n  of  i n c r e a s i n g  r a t e  d u r i n g  t h e  i n i t i a l  100 c y c l e s  f o l l o w e d  
by a r e l a t i v e l y  c o n s t a n t  p l a t e a u  r e g i o n  t o  2800 c y c l e s .  A g radua l  per fo rmance 
decrease i s  t hen  observed as t h e  number of  c y c l e s  i s  f u r t h e r  i n c r e a s e d .  
The F i b r e x  n i c k e l  e l e c t r o d e  c y c l e d  for 4534 c y c l e s  b e f o r e  i t  reached i t s  
end o f  l i f e .  
t h e  end o f  t h e  c y c l e  t e s t .  The t h i c k n e s s  o f  t h e  e l e c t r o d e  measured a f t e r  t h e  
c y c l e  l i f e  t e s t  showed an i n c r e a s e  o f  about  8 p e r c e n t  over t h e  i n i t i a l  e l e c -  
t r o d e  t h i c k n e s s  measured a f t e r  t h e  i m p r e g n a t i o n  p rocess .  For compar ison,  t h e  
t h i c k n e s s  o f  t h e  SOA s i n t e r e d  e l e c t r o d e  expanded t o  about  10 p e r c e n t  a f t e r  
4500 c y c l e s  ( r e f .  7 ) .  
The c a p a c i t y  o f  t h i s  e l e c t r o d e  had decreased by 25 p e r c e n t  by  
E l e c t r o d e  Performance 
The d i s c h a r g e  v o l t a g e  versus  t i m e  of t h e  F i b r e x  e l e c t r o d e  as compared w i t h  
t h e  s tandard  Eag le-P icher  e l e c t r o d e ,  a t  t h e  b e g i n n i n g  o f  t h e  l i f e  c y c l e  t e s t ,  
i s  shown i n  f i g u r e  4. A h i g h e r  v o l t a g e  cu rve  and l o n g e r  d i s c h a r g e  t i m e  a t  t he  
same 1.37C d i s c h a r g e  r a t e  was o b t a i n e d  w i t h  t h e  e x p e r i m e n t a l  n i c k e l  e l e c t r o d e .  
F i g u r e  5 shows t h e  u t i l i z a t i o n  d a t a  o f  t h e  F i b r e x  n i c k e l  e l e c t r o d e  a t  t he  
d i f f e r e n t  d i s c h a r g e  r a t e s .  The r e s u l t s  i n d i c a t e  t h a t  as t h e  e l e c t r o d e  c y c l e s ,  
t h e  u t i l i z a t i o n  decreased as t h e  d i s c h a r g e  r a t e  i n c r e a s e d .  The e l e c t r o d e  u t i -  
l i z a t i o n s  depended on t h e  d i s c h a r g e  r a t e  and showed lower r e s u l t s  a t  t h e  h i g h e r  
r a t e .  The i n i t i a l  measurement o f  t h e  e l e c t r o d e  u t i l i z a t i o n  i s  about  3 p e r c e n t  
s m a l l e r  a t  t h e  2.74C d i s c h a r g e  r a t e  than  a t  t h e  C / 2  r a t e .  
t h e  u t i l i z a t i o n  a t  t h e  2.74C d i s c h a r g e  r a t e  i s  20 p e r c e n t  l e s s  t h a n  a t  t h e  
C/2 r a t e .  A t  t h e  low d i s c h a r g e  r a t e  o f  C / 2  though,  t h e  u t i l i z a t i o n  a f t e r  
3000 c y c l e s  i s  about  t h e  same as t h e  i n i t i a l  d a t a .  There i s  no s i g n  o f  any 
d e t e r i o r a t i o n  i n  t h e  low r a t e  c a p a c i t y  w i t h  c y c l i n g .  The f a i l u r e  o f  t h e  e l e c -  
t r o d e  appears t o  be due t o  t h e  loss of h i g h  r a t e  d i s c h a r g e  c a p a c i t y  r a t h e r  than  
t h e  loss i n  t o t a l  e l e c t r o d e  c a p a c i t y .  
A f t e r  3000 c y c l e s ,  
Pore S i z e  D i s t r i b u t i o n  
F i g u r e  6 shows t h e  p o r e  s i z e  d i s t r i b u t i o n  o f  t h e  l i g h t w e i g h t  p l a q u e s  com- 
pa red  t o  t h e  s tandard  s i n t e r e d  p laque .  A l l  of t h e  f i b r o u s  p laques  have l a r g e r  
po re  r a d i i  t han  t h e  Eag le-P icher  SOA s i n t e r e d  p l a q u e .  The n i c k e l  f e l t  mat from 
Sorapec has t h e  l a r g e s t  i n c r e m e n t a l  volume of about  0 .3 c c / g  a t  t h e  po re  r a d i u s  
o f  60 pm. The Nippon Se isen f i b e r  mat has i t s  peak a t  90 pm. The F i b r e x  f i b e r  
mat from N a t i o n a l  S tandard  e x h i b i t s  t h e  b r o a d e s t  d i s t r i b u t i o n  o f  po res  a t  about  
1 1  to  60 pm. The Eag le-P icher  s i n t e r e d  p laque has i t s  peak a t  about  14 pm. 
A s  was ment ioned e a r l i e r ,  e l e c t r o d e s  made from porous l i g h t w e i g h t  p laques  
e x h i b i t  a low i n i t i a l  u t i l i z a t i o n  which g r a d u a l l y  i n c r e a s e s  d u r i n g  c y c l i n g .  
Th is  phenomenon maybe a t t r i b u t e d  to  t h e  l a r g e  po re  s i z e s  o f  t h e  p laques .  
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Besides having larger pore sizes, the lightweight plaques also have a wider 
range of pore diameters and a more irregular pore shape than the SOA plaque. 
The initial utilization of the electrodes made from the nickel fiber mats from 
National Standard, Sorapec, and Nippon Seisen is about 50 to 60 percent of the 
theoretical capacity. In comparison, the initial utilization of the electrode 
made from the SOA sintered plaque is about 90 percent. 
Figure 7 shows the pore size distribution curves of the Fibrex electrode. 
Cycling to failure increases the total pore volume which is probably due to the 
expansion of the electrode. The pore size distribution of the Fibrex electrode 
shows a distinct multiple peak profile from 0.01 to 10 pm as opposed to the 
minimal peak profile of the SOA electrode across the same region as shown in 
figure (8) (ref. 8). There i s  a definite shift in the average pore size and 
distribution of the cycled SOA electrode toward smaller pores. The peaks at 
0.7, 2, and in the range greater than 7 pm decrease while the peak at 0.01 pm 
increases in size and slightly shifts to the right. The shift to smaller pores 
and increase in volume requirements o f  the SOA electrode result in the elec- 
trode having a greater affinity for electrolyte. This effect can dry the sepa- 
rator and will lead to a high separator resistance. This traditional increase 
in small pores of the cycled SOA electrode is not found in the Fibrex elec- 
trode. In addition to a two-fold increase in volume of the micropores of the 
cyc.led Fibrex electrode, the volume of the larger pores (over 9 pm) increases 
2 t o  4 times. 
should not result in the electrode competing with the separator for electrolyte 
bec:ause of its bimodal pore size distribution. 
The pore size distribution curve of the cycled Fibrex electrode 
CONCLUSIONS 
Fabrication and life cycle testing of lightweight fiber nickel electrodes 
have demonstrated the feasibility of an improved and higher energy density 
nickel electrode. Studies indicate a 40 percent improvement in weight for the 
fibrous nickel electrode over SOA electrode. Electrochemical impregnation of 
the Fibrex mats, from an aqueous bath of nickel nitrate-cobalt nitrate, yields 
loading levels comparable to SOA electrodes. 
The major performance change of the Fibrex electrodes during cycling i s  
the decrease of the high rate discharge capability rather than the decrease in 
the total capacity. The decrease in average pore size of the SOA sintered 
ell2ctrode results in poor electrolyte distribution in the Ni-Hz cell which 
could possibly be considered to be one of the major failure modes of the cell. 
The bimodal distribution o f  the cycled Fibrex electrode should reduce this 
problem. 
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